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Background and discussion
Within TSG GERAN the usage of Multicarrier BTS for GSM/EDGE (MCBTS) has been studied. Based on simulation results and other analysis GERAN decided to introduce MCBTS in GSM/EDGE specifications. 
The GERAN specifications are finalized for Rel-8, and ETSI TC MSG has received the task to produce harmonized standard including MCBTS. ETSI TC MSG has identified some co-existence issues between MCBTS and other systems, which are outside the ToR for GERAN and need to be studied before the harmonized standard can be finalized. 

One of these issues is regarding the possible impact on co-existence between GSM MCBTS system and UMTS900 system, located in the same geographic area. ETSI TC MSG has found that this investigation is best performed within 3GPP as both systems are under 3GPP responsibility. In LS to this RAN4 meeting [1] ETSI TC MSG is asking TSG RAN4 to perform this study and update the Technical Report (TR 25.816) on Co-existence between UMTS and GSM with the MCBTS scenario investigations. 

A preliminary report has been generated by Ericsson and this report has been discussed among ETSI TC MSG member companies. The scenarios and findings of the report are attached to this document. In its LS, ETSI TC MSG kindly asks TSG RAN4 to perform the update of TR 25.816. This can be done by taking into consideration the content of the attached report.
Proposal

It is proposed that the attached report is used for the requested update of TR 25.816 with GSM MCBTS scenario studies.
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Preliminary report on Compatibility between GSM MCBTS and UMTS 900 systems

Purpose of the investigation

Co-existence studies have been performed regarding the possible impact from introduction of UMTS 900 allocated in an adjacent frequency range to GSM 900 systems. The results are well known and established in the European Community.

Recently 3GPP TSG GERAN has finalized the work on specifying Multicarrier BTS (MCBTS) for GSM. To make the implementations feasible with wideband multicarrier transmitter and receiver, relaxations of the requirements for IM attenuation and inband spurious emissions in the transmitter and reduction of blocking requirements in the receiver were introduced. The decision is based a number of studies on the impacts of  relaxations of the specifications for GSM MCBTS on coexistence of public coordinated and uncoordinated GSM networks operating in the same frequency band and the same geographical area. The conclusion has been that there was no noticeable impact of the relaxations in such scenarios.

The purpose of this study is to see what possible impact the relaxations of the requirements for GSM MCBTS could have on 

· UMTS 900 system operating in adjacent channel in the same area due to relaxed intermodulation attenuation and inband spurious emissions
· The susceptibility of MCBTS receiver to UMTS900 system uplink emissions due to reduced blocking characteristics.

Conclusion

The performance of the UMTS downlink, operating at recommended frequency separation in ECC report 082 to GSM and UMTS respectively, will be very similar when GSM multicarrier BTS(MCBTS class 1 or 2) operates in the adjacent frequency band as when GSM single carrier BTS system operates in the same adjacent band.

Regarding the susceptibility of MCBTS receiver to UMTS UL emissions, it is found that the input signal is well below the inband blocking requirements for MCBTS at relevant frequency separation between the systems. It is also shown that the probability that this maximum value occurs is very small.

Impact on UMTS 900 downlink from MCBTS

Principles used in the analysis 

A simplified approach has been taken:

The emission spectrum from a UMTS BS with 43 dBm rated power into the adjacent frequency band, where another UMTS 900 system is allocated, is calculated. The ACLR according to the 3GPP specification is defined accordingly. 

Then the UMTS BS is replaced by GSM MCBTS and the emission spectrum for different number of active GSM carriers calculated by aggregating the spectrum masks including IM products according to TS 45.005 v8.5.0. The carriers are transmitting at 43 dBm each and are located with varying frequency spacing (from minimum 600 kHz and upwards), giving IM products in the downlink of the adjacent UMTS 900 system. The equivalent maximum emission is calculated within the UMTS bandwidth, thus giving an upper limit of the ACLR from the GSM system. The ACLR was derived in the same way as was done in TR 25.816 assuming a 3.84 MHz “box filter”. 

This ACLR was calculated for one carrier (i.e. no IM products) up to 8 carriers. Both single-sided and double-sided (sandwiched) carrier configurations are investigated (see figure 1). Depending on the GSM frequency spacing and allocation, the number of IM products that would fit into the UMTS filter bandwidth will vary. All GSM carriers are assumed to be served by the same MCPA, which is pessimistic in terms of IM emission.


[image: image14.emf]
Figure 1. The figure shows the single- and double-sided scenarios, where the smallest carrier separation between GSM and UMTS is varied (y), as well as GSM carrier spacing (x).

One single carrier will result in an ACLR of 63.5 dB which differs from the value derived from the GSM spectrum mask in TR 25.816 (55.2 dB). This difference corresponds to a bandwidth conversion factor from 30 kHz to 200 kHz and is believed to be the correct interpretation of TS 45.005. Note that the ACLR  is always relative one GSM carrier of 43 dBm.

To calculate the total impact ACIR the following formula is used:
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ACS GSM BS->UMTS UE is assumed to be 30.5 dB for carrier seperation 2.8 MHz with an additional 0.8 dB  receiver selectivity slope of for every 200 kHz, as described in the assumptions in 3GPP TR 25.816.

Results

IM emission levels are according to specification and are 200 kHz wide, with 3 dB attenuated emission into the adjacent 200 kHz channel for third-order IM. For the fifth order IM, the emissions are attenuated 2 dB into the first adjacent 200 kHz channel and further 3 dB into the second adjacent 200 kHz channel. 

Assuming a frequency separation between the last GSM carrier and the centre frequency of the UMTS in adjacent band of 2.8 MHz (as used in TR 25.816 in the uncoordinated case), the ACLR is calculated for different GSM carrier separation and different number of carriers. It is assumed that the MCPA intermodulation attenuation is designed for the number of carriers used in each scenario.

For comparison the same calculations were also performed with no IM from GSM present, which approximates the existing situation utilizing single carrier BTS (SCBTS). 

Using the method described above to calculate the ACLR , the following result is achieved in UMTS channel, allocated 2.8 MHz from any GSM carrier: 
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	Figure 2: ACLR for single-sided carrier configurations. IM levels according to specification. IM levels according to specification. Smallest carrier separation between GSM and UMTS 2.8 MHz.
	Figure 3: ACLR for double-sided carrier configurations. IM levels according to specification. IM levels according to specification. Smallest carrier separation between GSM and UMTS 2.8 MHz.


As can be seen in figures 2 and 3, it is not the smallest GSM carrier spacing that gives the highest levels of interference to the adjacent UMTS carrier, which is due to different numbers of IM products in the UMTS receiver. It should be noted that all ACLR values are above the UMTS requirement of 45 dB.

Related to the ACS performance of the UMTS UE in case of multicarrier GSM reception with closest GSM carrier at frequency offset y=2.8 MHz, a slope for the receiver selectivity performance of the UMTS UE according to the depicted assumptions in 3GPP TR 25.816 has been assumed:

ACS(f) = 30.5 dB + n * 0.8 dB      with  f = 2.8 MHz + n * 200 kHz
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Figure 4: ACS for several carrier configurations, single- and double-sided
Figure 6 shows the combined UMTS UE ACS for the different carrier configurations that are calculated according the formula above. It can be seen that the sandwiched configuration leads to lower ACS performance than single-sided configuration.

To estimate the corresponding ACIR values, it can be noted when comparing figure 2 and 3 with figure 4 that the ACS values are about 20 dB lower than the ACLR values. This means that ACS dominates ACIR and while ACLR still has an effect on the results, it is not by much. Thus, the lowest ACIR values occur when GSM carrier spacing is small. Table 1 shows ACIR for 600 kHz GSM carrier separation.

	
	ACIR [dB]

	
	Single-sided scenario
	Double-sided scenario

	GSM BTS type
	1x1 carriers
	1x2 carrier
	1x4 carriers
	1x6 carriers
	2x1 carriers
	2x2 carriers
	2x3 carriers
	2x4 carriers

	SCBTS
	30.50
	28.52
	27.28
	26.94
	27.49
	25.51
	24.68
	24.27

	MCBTS class 1 
	30.50
	28.52
	27.28
	26.94
	27.49
	25.51
	24.68
	24.27

	MCBTS class 2 
	30.50
	28.52
	27.27
	26.92
	27.49
	25.51
	24.68
	24.26


Table 1. ACIR performance for GSM carriers allocated adjacent to UMTS channel. Smallest carrier separation between GSM and UMTS 2.8 MHz. 600 kHz GSM carrier spacing.

It can be seen in the table that when replacing a SCBTS with a MCBTS, the impact on ACIR is very small, class 1 less than 0.01 dB and class 2 less than 0.02 dB. If the more realistic IM emission levels are used, the degradation is even smaller. The degradation is insignificant in the double-sided scenario due to low combined ACS. Some of the carrier configurations, e.g. 2x2 carriers, do not give any IM3 products in the UMTS receiver filter, which is why is there is no degradation.

A more realistic, though still pessimistic, frequency re-use is 1200 kHz carrier spacing. The corresponding ACIR values can be seen in table 2. The table shows similar amounts of degradation as in the 600 kHz carrier spacing scenario.

	
	ACIR [dB]

	
	Single-sided scenario
	Double-sided scenario

	GSM BTS type
	1x1 carrier
	1x2 carrier
	1x4 carriers
	1x6 carriers
	2x1 carriers
	2x2 carriers
	2x3 carriers
	2x4 carriers

	SCBTS
	30.50
	29.26
	28.80
	28.76
	27.49
	26.25
	25.90
	25.79

	MCBTS class 1 spec.
	30.50
	29.25
	28.80
	28.75
	27.49
	26.24
	25.90
	25.79

	MCBTS class 2 spec.
	30.50
	29.25
	28.78
	28.74
	27.49
	26.24
	25.89
	25.78


Table 2. ACIR performance for GSM carriers allocated adjacent to UMTS channel. Smallest carrier separation between GSM and UMTS 2.8 MHz. 1200 kHz GSM carrier spacing.

In both cases above the separation between the last GSM carrier and UMTS 900 centre frequency is 2.8 MHz. If 2.6 MHz is assumed, as recommended in [1] for coordinated case, there will be a small difference for smaller carrier spacing due to higher wideband noise from closest GSM carriers. This is exemplified in figure 5 and 6.
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	Figure 5: ACLR for single-sided carrier configurations. IM levels according to specification. Smallest carrier separation between GSM and UMTS 2.6 MHz.
	Figure 6: ACLR for double-sided carrier configurations. IM levels according to specification. Smallest carrier separation between GSM and UMTS 2.6 MHz.


The corresponding ACIR table for 2.6 MHz carrier separation and 600 kHz carrier spacing can be seen in table 3. ACS has been calculated with the same (log-) linear formula as before, with the addition of 30.5-0.8 dB ACS for separation 2.6 MHz. It can be noticed that when comparing table 3 to table 1, that all ACIR values has been decreased by 0.8 dB which reflects the fact that all ACS values was decreased by 0.8. This scenario is very similar to 2.8 MHz in terms of degradation.

	
	ACIR [dB]

	
	Single-sided scenario
	Double-sided scenario

	GSM BTS type
	1x1 carrier
	1x2 carrier
	1x4 carriers
	1x6 carriers
	2x1 carriers
	2x2 carriers
	2x3 carriers
	2x4 carriers

	SC-BTS
	29.70
	27.72
	26.48
	26.14
	26.69
	24.71
	23.89
	23.47

	MCBTS class 1 spec.
	29.70
	27.72
	26.48
	26.14
	26.69
	24.71
	23.88
	23.47

	MCBTS class 2 spec.
	29.70
	27.72
	26.47
	26.12
	26.69
	24.71
	23.88
	23.46


Table 3. ACIR performance for GSM carriers allocated adjacent to UMTS channel. Smallest carrier separation between GSM and UMTS 2.6 MHz. 600 kHz GSM carrier spacing.

GSM spurious emissions have been omitted so far in the results above. A simple, but very pessimistic approach would be to apply a minimum noise level corresponding to the spurious emission levels. The resulting ACLR for the 2.8 MHz minimum carrier separation can be seen in figures 7 and 8. When comparing these figures to previous results in figures 2 and 3, it can be seen that it is only the configurations with few carriers and small IM levels that are affected and not more than 2 dB (for the single-carrier case). This has minimal impact on ACIR.

The reason for this is that although spurious emissions requirements are slightly relaxed (by changing the measurement method), they only exceed the single-carrier wideband noise level by less than 4 dB for the output power used in this analysis. This is a relatively small contribution of additional interference, when IM is present or in the case of multiple GSM carriers. 
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	Figure 7: ACLR for single-sided carrier configurations. IM levels according to specification with spurious emissions. Smallest carrier separation between GSM and UMTS 2.8 MHz
	Figure 8: ACLR for double-sided carrier configurations. IM levels according to specification with spurious emissions. Smallest carrier separation between GSM and UMTS 2.8 MHz.


In summary, considering the effect of the relaxed inband spurious emissions is so small, the conclusion will still remain the same. 
Conclusion

A heavily loaded MCBTS (class 1 or 2) would be very similar to a SCBTS, in terms of interference to an adjacent UMTS system. This is because that the unwanted emissions from MCBTS are orders of magnitude lower than the interference generated in the UMTS UE, which is the same for both MCBTS and SCBTS.

Impact on MCBTS uplink from UMTS 900

The impact from UMTS UL on GSM UL has been investigated in 3GPP [2] and [3] and ECC PT1 [1]. The conclusion from these investigations is that the impact on GSM UL from UMTS UL is negligible for the recommended minimum frequency separation distance between GSM carriers and UMTS centre frequency for uncoordinated case (2.8 MHz). The critical impact seems to be from the unwanted emissions from UMTS UE as the simulated UE TX power is low. An example of power distribution in 900 MHz band from [2] is shown in figure below
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Figure 8: Power distribution of an UMTS terminal transmit power [dBm]

The curve is slightly adjusted compared to corresponding curve in [2] to show the agreed average values at 50% and 90% percentiles.

Another way to describe the scenario situation is to calculate the probability that there is a WCDMA terminal, operating near maximum power output, within the MCL radius of the GSM BS communicating with a GSM UE at the cell boundary is low. This is shown in [3]  see figure below:
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Figure 9: Probability that an UMTS terminal transmit power is greater than x [dBm]

The above graphs are both assuming 21 dBm UE power which is the minimum allowed for class 3 UE. Maximum UMTS UE TX power at 900 and 1800 is nominally 24 dBm for class 3. 

In 3GPP [4] the distribution of the input signals to the BS receivers in mixed speech and data systems show the highest input signal levels. This is shown for a large cell system (5 km cell radius) in the graphs below: 
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	Figure 10: CDF of Total Signal for Mixed Speech and Data System with 5 km Cells
and Worst Case Geographic Offset
	Figure 11: CDF of Total Signal for Mixed Speech and Data System with 5 km Cells
and Worst Case Geographic Offset


These indicate that 99,99 % of occurrences of the input signals to the receivers are about –40 dBm or less. Of course, with this large of a cell, the absolute maximum signal is dictated by MCL also. Note that this analysis assumes co-location of the UMTS base station and the MC BTS.  
However, one may perform a simple analysis also for the scenario without co-location. Even with the pessimistic assumption of 59 dB MCL (as defined in 45.050 for small-cell scenarios at 900 MHz) the maximum UE power reaching the MCBTS receiver is less than -35 dBm. To this there is a very low probability (< 0.05%) that this level occurs at all. If a multiple margin of 6 dB (4 UE at MCL) is added, the maximum value is still below the specified inband blocking requirement for MCBTS, -25 dBm.
Conclusion

Based on the calculation of receiver input signal under MCL assumption according to GSM small cell scenarios and the specified limits of UMTS 900 UE TX power, it is found that the input signal is well below the inband blocking requirements at relevant frequency separation between the systems. It is also shown that the probability that this maximum value occurs is very small.
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Annex
A: Intermodulation characteristics

Intermodulation Attenuation physics

Due to non-linearity in the transmitter, intermodulation products are generated when several signals are processed in a common active element. For MCBTS the Multi-Carrier Power Amplifier is the dominating source of IM products. The transfer function for n signals can in general be presented by a series of powers, i.e. for n input signals

Sout = Σ{ak∙(S1+S2….Sn)k}

The value of k represents the order of intermodulation as this describes the number of signals involved in the process. In this calculation multiples of the same carrier signals are included as well. For GSM only odd orders (3rd, 5th, 7th etc) may fall inside GSM transmit or receive bands. Normally the factor ak is decreasing rapidly with the IM order. Thus the most important IM products to consider are 3rd, 5th and 7th order. 

Third order IM products from n carriers may be found at 

|2∙fi-fj|, |2∙fj-fi| but also on |fi+fj-fk|, |fi+fk-fj| etc 

for any combination of i, j and k in the range 1 to n and where fi is the centre frequency for carrier i.

These products can be found for offsets up to | f1-fn| outside the group of carriers. Another characteristic for these products is the broadening of spectrum. Assuming GMSK signals and 200 kHz channels, the IM products will occur at the adjacent channels as well, it can be shown theoretically that in these channels the power will be 3 dB lower. Other modulation methods used by GSM systems will result in further attenuation at adjacent channels.

Similarly, the 5th order IM products may be found at

|3∙fi-2∙fj|, |3∙fj-2∙fi| but also on |fi+fj+fk-(fa+fb)|, | fi+fa+fk-(fj+fb)| etc 

for any combination of i, j, k, a and b in the range 1 to n and where fi is the centre frequency for carrier i.

These products may be found for offsets up to 2∙| f1-fn| outside the group of carriers. For this case the spectrum broadening is higher; the power is 2 – 2.5 dB lower in the adjacent channels. 

It should be noted that if the carriers are equally spaced in frequency several IM3 and several IM5 (or higher order) products will coincide on the same frequencies and add up, thus creating the maximum amplitude of the IM products. This means that the IM products with highest amplitude are closest to the carriers and that the others are decreasing by increasing offset.

An example of IM spectrum with 3 equally spaced carriers with equal power is shown in Figure 1. 
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Figure 1 Example of IM spectrum for 3 GSM carriers

In this figure the 3rd order intermodulation products are found between 0 and 15 MHz, i.e. at 2.5 and 5 MHz offsets on both sides of the outermost carriers. The IM products outside this range are primarily related to 5th order intermodulation.

Reduction of the number of active carriers, while keeping the same output power for the active ones, thus means that the IM3 is reduced rapidly as the factor a3 is the same and fewer products add up.

How these different products are defined and adding up in different allocations are described in [1]. This is pure theoretical analysis of a power amplifier with low non-linearity. No specific implementation is assumed.

Application to MCBTS

In the 3GPP specification the requirements are defined at equal frequency spacing and equal power, thus limiting the IM products with highest amplitude to a specified value:

MCBTS class 1: -70 dBc relative the carrier power for any intermodulation product.

MCBTS class 2: same as class 1 but allow for -60 dBc at frequencies where third order intermodulation products can be expected.

For the present analysis of the impact due to MCBTS unwanted emissions the IM performance requirements according to 3GPP TS 45.005, as depicted above, have been assumed as this represents a worst case assumption.
The methodology in [1] may be useful to further estimate the impact from IM products especially when the frequency allocation changes dynamically and the carriers are no longer equally spaced. 
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